Study Design. Retrospective cohort study. Objective. The objective of our study was to evaluate the differential impact of insulin dependence on lumbar surgery outcomes, including surgical and medical complications, total length of hospital stay, nonhome bound discharge, and unplanned readmissions. Summary of Background Data. Although the negative effects of diabetes mellitus (DM) on joint arthroplasty outcomes are well documented, there is a paucity of studies evaluating those on spine surgery. Methods. Data files from 2005 to 2013 were reviewed and to collect data on patients undergoing lumbar spine surgery. x 2 tests, for categorical variables, and one-way ANOVA, for continuous variables, were used to identify differences in perioperative variables among patients who do not have DM, who are insulinindependent (NIDDM), and who are insulin-dependent (IDDM). Binary logistic regression analysis assessed the effect of DM status on surgical outcomes. Significance was defined as P < 0.05. Results. Significant differences were detected among the three groups in surgical and medical complication and unplanned readmission rates, as well as rates of nonhome-bound discharge. The NIDDM and IDDM groups experienced significantly longer mean total hospital length of stay at 3.2 and 3.9 days, respectively, compared with 2.6 days for nondiabetics (P < 0.0001). Both NIDDM (OR, 1.226; P ¼ 0.017) and IDDM (OR, 1.499; P < 0.0001) independently increased the risk for medical complications, whereas only IDDM (OR, 2.429; P < 0.0001) was associated with surgical complications. IDDM was found to be associated with increased rate of 30-day unplanned readmission (OR, 1.353; P ¼ 0.005). Neither NIDDM nor IDDM had an effect on the likelihood of nonhome discharge.
D
iabetes mellitus (DM) is a chronic disease with macro-and microvascular systemic manifestations. 1 With a reported rising prevalence of 29.1 million Americans, DM patients comprise a growing portion of healthcare utilization as well as orthopedic care. 2 Given the discovery that DM may accelerate the development and severity of osteoarthritis in major weight-bearing joints and that 25.9% of the elderly population is affected by DM, an abundance of literature has been published on the negative effects of DM on arthroplasty outcomes. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In addition to joint arthroplasty, lumbar spine surgery for degenerative disease is also an increasingly relevant procedure for this population. Relatively fewer studies have examined the relationship between DM and spine surgery outcomes. These studies are limited by their single-institutional sample size or the failure to distinguish diabetic type or disease control. [12] [13] [14] [15] [16] Two recent studies utilizing data from the Nationwide Inpatient Sample (NIS) have evaluated the relationship between diabetic control, as defined by ICD-9 diagnoses codes, and inpatient complications, mortality, length of hospital stay, and hospital costs, in both lumbar and cervical spine surgery. 17, 18 While the NIS is adequately powered to elucidate this relationship, its failure to track outcomes postdischarge or readmissions may underestimate the true The National Surgical Quality Improvement Program (NSQIP) dataset is a multi-institutional registry that stratifies diabetes by insulin dependence. Because there are an overwhelmingly greater number of DM patients who are type 2 than type 1, it is likely that the majority of those characterized by NSQIP as having insulin-dependent diabetes mellitus (IDDM) are type 2 patients with increased disease severity. By definition, the noninsulin-dependent diabetes mellitus (NIDDM) group contains only type 2 patients.
The objective of our study was to evaluate the differential impact of insulin dependence on lumbar surgery outcomes, including surgical and medical complications, total length of hospital stay, nonhome-bound discharge, and unplanned readmissions. Because optimal preoperative glycemic control is often difficult to attain, these findings may provide an alternative approach to risk stratification and informed consent of DM patients undergoing these procedures.
MATERIALS AND METHODS

Population
We performed a retrospective analysis of patients in the NSQIP database. The NSQIP was instituted by the American College of Surgeons in 2004 and provides comprehensive information for major surgical procedures at more than 240 institutions across the United States. 19 Data files from 2005 to 2013 were reviewed and to collect data on patients undergoing lumbar spine surgery. Patients were identified using the following primary or concurrent Current Procedural Terminology (CPT) codes: lumbar anterior fusion (CPT 22558), lumbar posterior fusion (CPT 22612), application of a lumbar device to the interspace from a posterior approach (CPT 22612þCPT 22851), lumbar discectomy (CPT 63030), and lumbar decompression (CPT 63047 and 63042). 20 Additional levels of fusion were identified by CPT codes 22585 and 22614.
Patients were stratified according to diabetic status: not diabetic, NIDDM, and IDDM for comparison of perioperative variables and covariate screening.
Variables
NSQIP-defined preoperative variables were compared among the respective diabetic groups. They included demographic variables (e.g., age, body mass index or BMI, race, sex); lifestyle variables (e.g., smoking, alcohol use), and medical comorbidities (e.g., diabetes, dyspnea, hypertension, COPD, congestive heart failure, bleeding disorders, steroid use for a chronic condition, prior angioplasty or cardiac surgery, previous stroke or transient ischemic attack, previous operations within 30 days of operation, American Society of Anesthesiologists (ASA) class). In addition, the sum of relative value units (RVU) for additional procedures was computed and included in the analysis given the inherent complexity differences between concurrent procedures (i.e., multilevel fusions). 21 Tracked outcomes were categorized as surgical and medical complications. Surgical complications included superficial, deep, or organ-space surgical site infection (SSI) and wound disruption. Medical complications included venous thromboembolism (VTE), unplanned reintubation, ventilator dependence, progressive renal insufficiency, acute renal failure, coma, stroke, cardiac arrest, myocardial infarction (MI), peripheral nerve injury, pneumonia, urinary tract infection (UTI), blood transfusions, and sepsis/septic shock. Secondary outcomes included total operation time, destination of discharge (defined as home or nonhome), and extended hospital stay as defined by a stay greater than or equal to two standard deviations above the geometric mean. Finally, unplanned readmissions were queried. All morbidities occurred within 30 days of the index procedure, and were used as defined in the NSQIP user guide.
Statistical Analysis x
2 tests for categorical variables, and one-way ANOVA for continuous variables, were used to identify differences in perioperative variables among the nondiabetic, NIDDM, and IDDM cohorts. Via covariate screening, perioperative variables with n>10 and P < 0.02 were identified and included, along with diabetic status, in a binary logistic regression that adjusted for confounding factors. Binary logistic regression analysis identified predictors of surgical and medical complications, unplanned readmissions, and nonhome discharge. Significance was defined as P < 0.05.
We hypothesized that the inclusion of complex procedures (i.e., fusions involving three or greater levels) would not influence the results of our study. To validate our hypothesis, a subanalysis of a more homogenous cohort excluding multilevel fusions was performed given concern of the confounding influence of more complex surgeries. Hosmer-Lemeshow (H-L) and c-statistics were calculated to assess model calibration and discriminatory capability, respectively. 22, 23 All analysis was performed using SPSS version 21 (IBM Corp, Armonk, NY).
RESULTS
A total of 51,277 patients received lumbar spine surgery between 2005 and 2013, of which 43,408 were not diabetic, 5360 were NIDDM, and 2509 were IDDM. Demographics, comorbidities, and case characteristics were compared among the cohorts (Table 1 ). Significant differences in demographic factors (i.e., race and age), admission status, comorbidities (i.e., smoking, alcohol use, functional status, COPD, congestive heart failure, previous cardiac surgery, previous stroke, steroid use, weight loss, bleeding disorders, ASA class), and case characteristics (i.e., relative value units, resident participation) were all noted. Three hundred fiftysix patients were identified to have received fusions involving three or more levels. The proportion of multilevel fusions within each cohort was not significantly different (P ¼ 0.063). In general, the NIDDM and IDDM cohorts were found to have greater comorbidity burden and total RVU relative to the nondiabetic cohort. With regards to procedure type, the most frequently performed in NIDDM and IDDM patients were lumbar discectomy (63,030) and decompression (63,047) ( Table 2) .
Rates of perioperative complications were queried (Table 3 ). Significant differences were detected among the three groups in surgical and medical complication and unplanned readmission rates, as well as rates of nonhome-bound discharge. Of note, rates of surgical infection (1.6%, 2.3%, 4.1%; P < 0.001), urinary tract infection (1.1%, 1.8%, 2.7%; P < 0.001), venous thromboembolism (0.8%, 1.1%, 1.2%; P < 0.001), and sepsis (0.6%, 0.9%, 2.3%; P < 0.001) increased from the nondiabetic to NIDDM to IDDM groups. A subanalysis by procedure type (i.e., fusion, discectomy, decompression) was performed (Table 4) . With the exception of nonhome-bound discharge rates for discectomies, rates of all other tracked outcomes were significantly greater in the IDDM and NIDDM cohorts in every procedure type. Multivariate analysis was performed to determine the differential effect of insulin dependence on 30-day medical and surgical complications, unplanned readmissions, and nonhome-bound discharge, while adjusting for the greater comorbidity burden and case complexity in the exposure groups, and case heterogeneity among the different CPT codes queried (Table 5 ). Both NIDDM (OR, 1.226; P ¼ 0.017) and IDDM (OR, 1.499; P < 0.001) independently increased the risk for medical complications, whereas only IDDM (OR, 2.429; P < 0.001) was associated with surgical complications. Both NIDDM (OR 1.431; P < 0.001) and IDDM (OR 3.41; P < 0.001) were associated with higher rates of extended hospital stay. IDDM was found to be associated with 30-day unplanned readmission (OR, 1.353; P ¼ 0.005). Neither NIDDM nor IDDM had an effect on the likelihood of nonhome discharge. On subanalysis, most findings persisted with the following exception: only IDDM was found to be associated with longer hospital stays. Similarly, Bolognesi et al 4 reported, in a study of hip and knee arthroplasty cases in the NIS that DM was associated with specific increased medical complications, including pneumonia, stroke, and transfusion. Diabetic patients also had fewer routine discharges and higher inflation-adjusted hospital charges for all procedures.
However, there is a paucity of studies from which to draw conclusions on the relationship between diabetes and spine surgery outcomes. Most are performed with a relatively small sample size, limiting the generalizability of their conclusions. 14, 16, 26 Freedman et al 13 compared outcomes between 199 diabetic patients and over 2000 nondiabetic patients enrolled in the Spine Patient Outcomes Research Trial with a diagnosis of intervertebral disc herniation, spinal stenosis, and degenerative spondylolisthesis. Among patients who underwent surgery, improvements in pain and function were greater and rates of postoperative complications were lower in the nondiabetic controls. 13 A weakness of the study was its inability to distinguish patients by disease type or glycemic control. Recently, Maloney et al A recent study of NIS data evaluated the effect of DM on outcomes in almost half a million cases of spine surgery for degenerative conditions of the lumbar spine. 17 DM patients were stratified by their disease control, as defined by a series of nonstandard ICD-9 codes. Guzman et al 17 reported increased risk of acute perioperative complications, inpatient mortality, and total hospital length of stay in both controlled and uncontrolled DM groups. In this study, the odds of postoperative shock were found to be increased in only the uncontrolled DM cohort. Finally, Guzman et al reported that mean hospital costs were significantly greater in the uncontrolled DM cohort.
Our results are consistent with the aforementioned findings. 17 The authors found that both NIDDM and IDDM are associated higher rates of extended hospital LOS relative to nondiabetics. NIDDM and IDDM were associated with increased risk of 30-day medical complications. IDDM was associated with increased risk of 30-day surgical complications, and unplanned readmissions. Almost all of our findings persisted through a subanalysis excluding multilevel fusions, validating the original cohort from which regression models were created. While Maloney et al 26 did not detect any differences in readmission rates, their sample size may not have been adequately powered. On the basis of our findings, DM patients who are dependent on insulin and coincidentally at greater risk for surgical infection and wound disruption may be appropriately risk stratified. However, the authors would like to emphasize that although significant, the odds ratios for medical complications and unplanned readmissions are under two and thus unlikely to be of great clinical importance.
One advantage of our study was that unlike NIS, NSQIP captures adverse events that occur within 30 days of the index procedure. Because surgical infection, venous thromboembolism, among other adverse events commonly occur after discharge, analysis of NIS data may underestimate the true rate of complications. 27, 28 Another advantage of using NSQIP data is the ability to report 30-day readmission events, which face increasing payment reduction under the Affordable Care Act, and thus carry important implications for the care of a patient population that already incurs longer mean hospital LOS and higher mean costs. 10, 17, 18 There are limitations of our study that need to be addressed. First, NSQIP does not capture Hemoglobin A1C levels, an accepted metric of DM control. Second, NSQIP does not capture geographical data, surgeon experience and case volume, or the institution from which data were collected-all important factors that may influence surgical outcomes. Last, NSQIP is intended to capture general surgical characteristics, and thus omits procedurespecific complications such as neurologic deficit, pain, sexual dysfunction, or pseudarthrosis.
CONCLUSION
We believe the novelty of our study lies in the analysis of insulin dependence and its differential effect on lumbar surgery outcomes. We found both NIDDM and IDDM to be associated with increased risk of 30-day medical complications. IDDM was associated with increased risk of 30-day surgical complications, and unplanned readmissions.
Key Points
We have performed a retrospective analysis evaluating the differential effect of insulin dependence on 30-day lumbar surgery outcomes. We found both NIDDM and IDDM to be associated with increased risk of 30-day medical complications. IDDM was associated with increased risk of 30-day surgical complications, and unplanned readmissions. A subanalysis by procedure type (i.e., fusion, discectomy, decompression) was performed. With the exception of nonhome-bound discharge rates for discectomies, rates of all other tracked outcomes and total length of stay were significantly greater in the IDDM and NIDDM cohorts.
